Objective-Selenium supplementation for HIV-infected women may increase genital shedding of HIV-1, but no studies have examined the effect on viral shedding in breast milk.
Introduction
Micronutrient deficiencies are common in HIV-infected individuals, particularly among pregnant and lactating women due to additional nutritional demands [1] . Selenium is an essential micronutrient which plays a role in antioxidant defense and also supports immune system functioning [2, 3] . Randomized controlled trials determined selenium supplementation may provide modest benefits for HIV-infected adults including decreased diarrhea incidence and hospitalizations and possibly improved survival of children born to HIV-infected pregnant women [1] [2] [3] [4] [5] . Nevertheless, selenium supplementation may also have some adverse effects. An observational study suggests selenium may increase genital tract shedding of HIV-1 RNA in pregnant women, which may lead to increased mother to child transmission (MTCT) of HIV [6] . No studies have examined the effect of selenium supplements on breast milk shedding of HIV-1 to determine if selenium provision may increase risk MTCT during the breastfeeding period.
In this study we examined the effect of selenium supplementation on HIV-1 RNA detection in breast milk at 4-9 weeks postpartum among HIV-infected women enrolled in a randomized clinical trial conducted in Dar es Salaam, Tanzania [3] . We secondarily investigate potential effect modification by markers of HIV disease severity, receipt of highly active antiretroviral therapy (HAART), and parity.
Materials and Methods

Study design and population
HIV-infected pregnant women between 12 and 27 weeks of gestation were enrolled in a randomized, parallel group, double-blind, placebo-controlled trial of selenium supplementation conducted in Tanzania during September 2003 to August 2006 (clinicaltrials.gov identifier: NCT00197561) [3] . The study statistician based in Boston, MA prepared a computer-generated randomization list in blocks of 20. Study pharmacists stored the coded randomization list in a locked file cabinet and concealed allocation by covering the numeric regimen code on each bottle. After obtaining informed consent, women were randomly assigned to receive a daily tablet of 200μg elemental selenium (selenomethionine) or placebo from enrollment to trial discharge at 6 months postpartum. The selenium dose is one-half of the tolerable upper intake level of 400 μg/d for pregnant women [7] . At monthly clinic visits, a new bottle containing 45 tablets of the trial regimen was given to each woman, and research nurses counted tablets remaining in the bottle from the previous month.
All participants had access to free prenatal including daily doses of ferrous sulphate (200 mg, equivalent to 60 mg ferrous iron), folic acid (0.25 mg), and sulfadoxine-pyrimethamine tablets for malaria prophylaxis (Fansidar, Roche Pharmaceuticals, Nutley, NJ). Based on previous findings, all women also received multivitamins containing vitamins B-complex, C and E at multiples of the recommended dietary allowances (RDAs) as standard of care from enrollment until delivery (20 mg thiamine, 20 mg riboflavin, 25 mg vitamin B-6, 100 mg niacin, 50 μg vitamin B-12, 500 mg vitamin C, 30 mg vitamin E, and 0.8 mg folic acid) [8] . To prevent mother to child HIV transmission, a single dose of nevirapine (200 mg) was given orally to all women during labor and a dose of nevirapine (2mg/kg) was given to infants within 72 hours of delivery. Access to antiretrovirals became available during the study period and 31 enrolled women were initiated on HAART during follow-up. Women were eligible for HAART if they had WHO stage IV HIV disease, a CD4 cell count of <200 cells/μL, or WHO stage III and a CD4 T-cell count of <350 cells/μL. The trial protocol was approved by the institutional review boards at the Harvard School of Public Health and Muhimbili University of Health Sciences and Allied Sciences.
Data Collection
At the baseline study visit, research nurses collected data on education, pregnancy history, anthropometry, breastfeeding, and current health status for enrolled women. Blood samples were also obtained and absolute CD4 T-cell counts (FACSCount system, Becton Dickinson, San Jose, CA), hemoglobin concentrations (AcT Diff II analyzer, Beckman Coulter, Miami, FL), and plasma viral loads (Amplicor HIV-1 Monitor Test version 1.5, Roche Diagnostics, Indianapolis, IN) were determined.
Participants were followed at monthly clinic visits until 6 months postpartum. Mothers were asked to provide a breast milk sample at the first or second monthly clinic visit postpartum (4-9 weeks) to allow for missed clinic visits and low breast milk output at the time of collection. A breast milk aliquot was centrifuged at 1500 × g for 12 min at 4°C and the cellfree aqueous milk fraction and milk pellet were separately stored at −70°C. HIV-1 viral load in the cell-free aqueous milk fraction was quantified using the ultrasensitive protocol of the Amplicor HIV-1 Monitor Test (version 1.5; Roche Diagnostics). The lower limit of detection was 50 viral copies/mL.
Statistical Analysis
Statistical analyses were based on the intention-to-treat principle. Detectable HIV-1 RNA in breast milk (>50 viral copies/mL) was considered as the primary dichotomous endpoint. Breast milk viral load was not analyzed continuously due to the majority of samples being below the detection limit of the assay. The chi-square test was used to compare the proportion of participants with detectable HIV-1 RNA in breast milk by treatment regimen.
Risk ratios and corresponding 95% confidence intervals were also obtained by modeling using the log link and the binomial variance function.
To examine the potential effect modifiers based on a search of the literature and biologic plausibility, we performed stratified analyses by baseline age (<30 years vs. ≥30 years), prior pregnancies (0 vs. ≥ 1), CD4 T-cell count (<350 vs. ≥350 cells/μL), breastfeeding at time of breast milk sample collection, receipt of HAART, and plasma viral load (<4.0 vs. ≥4.0 log copies/mL). To assess the statistical significance of each interaction, we used the Wald test for risk-ratio homogeneity. Statistical analyses were carried out with SAS system version 9.1 (SAS Institute Inc).
Results
In the parent trial a total of 915 pregnant women between 12 and 27 weeks of gestation were randomized during September 2003 to August 2006, of which 832 (90.2%) were alive, had a living child, and were enrolled in the study at 4 weeks postpartum. Breast milk samples at 4-9 weeks postpartum for detection of HIV-1 RNA were available for 420 women (50.4%). A total of 127 (15.2%) women terminated breastfeeding before 4 weeks postpartum and of these women only 14 were able to provide breast milk samples. The only significant difference was women who provided an adequate sample for measurement breast milk viral loads were older (median: 28.0 years) as compared to enrolled women without a breast milk viral load measurement (median 27.0 years) (p=0.02).
Baseline characteristics of women with breast milk HIV-1 RNA measurements are presented in Table 1 stratified by randomized treatment group. There were no significant baseline differences between treatment groups. Randomized regimen compliance, determined as the percent of daily regimen tablets not returned at the following monthly clinic visit, was similarly high in the selenium (mean % ± SD: 91.2 ± 5.8) and placebo group (91.7 ± 5.7) (p=0.46). Table 2 presents the effect of selenium supplementation on detectable HIV-1 RNA in breast milk (>50 copies/mL) at 4-9 weeks postpartum, stratified by effect modifiers. The proportion of women with detectable HIV-1 RNA in breast milk (>50 copies/mL) among the total study population appeared to be increased for women in the selenium group (76 of 209, 36.4%) as compared women in the placebo group (58 of 211, 27.5%), but results were borderline statistically significant (RR: 1.32; 95% CI: 1.00-1.76; p=0.05).
We then performed exploratory analyses to investigate potential effect modifiers of the relationship. The effect of selenium on HIV-1 detection in breast milk appeared to differ by receipt of HAART (p-value for interaction: 0.07). Among women who did not receive HAART, the proportion of women with detectable HIV-1 RNA in breast milk was significantly greater for women in the selenium group (76 of 201, 37.8%) as compared to placebo (57 of 207, 27.5%) (RR: 1.37; 95% CI: 1.03-1.82; p=0.03).
Subsequently, we examined additional effect modifiers among women who did not receive HAART and determined the relationship of selenium supplementation with HIV-1 RNA detection significantly varied by parity (p-value for interaction=0.02). Among primiparous women who did not receive HAART, the proportion of women with detectable HIV-1 RNA was significantly greater for the selenium group (26 of 49, 53.1%) as compared to the placebo group (13 of 55, 23.6%) (RR: 2.24; 95% CI: 1.30-3.86; p<0.01). Among multiparous women who did not receive HAART, the proportion of women with detectable HIV-1 RNA did not differ for women randomized to selenium (50 of 152, 32.9%) versus placebo (58 of 211, 29.0%) (RR: 1.14; 95% CI: 0.81-1.59; p=0.54).
Discussion
We found the effect of selenium supplementation on breast milk shedding of HIV-1 varied by receipt of HAART and parity. Among primiparous women who did not receive HAART, women randomized to the selenium group has significantly increased risk of HIV-1 RNA detection as compared to the placebo group. There was no significant effect of selenium supplements on breast milk HIV-1 RNA detection for multiparous women who did not receive HAART.
Previous observational studies and randomized controlled trials have suggested selenium supplementation may increase genital HIV-1 shedding. In an observational cohort study conducted among pregnant women in Tanzania, individuals with plasma selenium concentrations ≥114 μg/L had increased risk of lower-genital tract shedding of HIV-1 RNA [6] . A randomized trial of multivitamins supplements containing vitamin B-complex, C, E + 200μg selenium versus placebo conducted among non-pregnant HIV-infected women who did not receive HAART also suggested a negative effect of supplements containing selenium on genital tract shedding [9] . Women randomized to the multivitamin group had 2.5 times (95% CI: 1.3-3.7) the risk of vaginal HIV-1 infected cell shedding and increased quantity of HIV-RNA in vaginal secretions in the multivitamin group, after adjusting for potential baseline imbalances. These results are in contrast to a randomized trial of multivitamin supplements containing vitamin B-complex, C, E versus placebo conducted among Tanzanian pregnant women who did not receive HAART, which found no difference in HIV-1 RNA detection in cervicovaginal lavage samples between groups [10] . The daily dose of vitamin B-complex, C, E was identical for these two trials and therefore the inconsistent results for genital shedding may potentially be attributed to the additional selenium component of the multivitamin in the Kenyan trial.
In this study we found significant effect modification of the relationship between selenium supplementation and breast milk viral load detection by parity, but these results should be considered exploratory. A potential explanation is primiparous women may have increased concentration of selenium in breast milk as compared to multiparous women leading to a dose-response relationship. A study of rural Gambian women determined increased parity was negatively correlated with breast milk selenium concentration, after taking in account season as a surrogate for food scarcity [11] . An alternative explanation to the observed interaction of selenium supplements and parity may be due to analysis of a binomial HIV-1 RNA detection outcome as compared to continuous HIV-1 viral load. For example, primiparous women may have on average higher breast milk viral loads within the undetectable range (<50 copies/mL) as compared to multiparous women. For the same absolute increase in HIV-1 viral load in breast milk due to selenium supplementation, a larger proportion of primiarious women may reach the detectable threshold as compared to multiparous women. As a result, additional studies are needed to determine if our findings represent biologic interaction or are a result of the analysis.
A limitation of this study is few women in this study received HAART, which is known to significantly decrease cell-free HIV-1 RNA levels and risk of MTCT, and therefore our results may not be directly generalizable to these women [12, 13] . Second, sodium to potassium (Na:K) breast milk concentration ratio, as an assessment of subclinical mastitis, was not available in our study and may have helped explain biologic mechanisms. We also did not have detailed information on breast health or breastfeeding practices.
Conclusion
Selenium supplementation may have a modest beneficial effect on diarrhea and birth outcomes for HAART naïve pregnant women, but increased risk of breast milk and genital HIV shedding do not support providing selenium supplements to these women. Studies examining the balance of potential benefits and risks for women receiving HAART will be needed before providing selenium containing supplements. 
